A question of fundamental importance to a number of topics is a correct model for the electron-phonon interaction in the presence of strong disorder. A naive approach would suggest that diffusive behavior of the electrons in highly disordered metals would reduce the screening and increase the electron-phonon interaction. This, however, is in disagreement with Pippard' s result that the longitudinal ultrasonic attenuation coefficient decreases monotonically with the product of the phonon wave vector and electron mean free path l. Microscopic calculations of the sound attenuation have reproduced the standard Pippard result, but the question regarding the low-frequency behavior of the Eliashberg function u F(ru) has been more confused. Bergmann predicted that n F(ru) would be proportional to ro at low frequency on the basis of phase space arguments. Subsequently, Poon and Geballe and Meisel and Cote obtained an expression for a F for low frequencies which was identical to that of Bergmann. For very short mean free paths (high-resistivity alloys) Meisel and Cote invoked the Pippard condition in an ad hoc fashion and predicted an co dependence. The microscopic models of the electron-phonon interaction which correctly gave the ultrasonic attenuation, on the other hand, predicted an~dependence at low frequency.
The experimental situation for most amorphous simple metal alloys indicated that u F(ru) was linear in cu at low frequency. Measurements for amorphous Mo and arnorphous Nb thin films, however, showed a quadratic dependence for a F(ru) at low frequency. These were transitionmetal alloys, however, with significantly larger resistivities. Belitz showed that all microscopic models yielding the Pippard result for the ultrasonic attenuation also give the same answer for u F(ro), the Keck-Schmid result with a small correction, and also suggested an explanation as to why the experiments predominantly showed a linear dependence based on asymptotic expansions in different frequency regions.
As discussed in a preliminary report of these tunneling measurements, the amorphous Sn& Cu system is the best characterized of simple metal amorphous superconductors and is well suited for tunneling measurements to test the details of superconductivity in amorphous simple metals.
The amorphous phase can be prepared over a wide composition range (0. 08~x~0. 75) by cocondensation of thin alloy films onto a liquid-helium temperature substrate. The superconducting transition temperature decreases linearly from approximately 6.9 to 0.9 K over this composition range.
Heat-capacity measurements ' ' which Sn-Cu films in both the normal state and the superconducting state and with the Al electrode normal were made at the lowest temperature attained with the cryostat (T-1.5 K).
The low-temperature energy gap Ao and T, were carefully measured. These data together with the differential conduction were used in the inversion procedure to determine the Eliashberg function n F(ui). It was not necessary to incorporate a thin normal proximity layer at the interface between the amorphous Sn-Cu film and the barrier, as was the case with the amorphous Mo and Nb films. Complete details of the experimental techniques and the analysis procedure are discussed elsewhere.
Due to the finite temperature of the measurements which produces a broadening of conductance in the superconducting state at voltages near the superconducting gap (the inversion program uses the zero-temperature equations) and experimental broadening produced by the use of a lock-in amplifier together with the slow sweep of the current during the conductance measurement, there is a minimum voltage (frequency) co;"above the gap edge below which the tunneling data cannot be used. A form for n F(co) must be assumed below co;"(typically 1.2 to 1.9 meV for these films) to invert the data. For a given assumption for the frequency dependence of n F(co) below co;", n F(co) is varied to produce the smallest difference between the experimental tunneling density of states and that calculated with u F(co). For most superconductors a quadratic dependence of n F(cu) below ui;"provides good agreement between the experimental and calculated tunneling density of states.
For these films, as was the case for many other amorphous alloys, the assumption of a linear frequency dependence be- This numerical evaluation was necessary, since in the interesting frequency range, co~1.5 meV= co;"and with parameters appropriate for Snp87Cup]3 the previous analytic expressions are not applicable. The parameters used for the Snp 87Cup $3 alloy are kF= 1.59& 10 cm, vF= 1.84& 10" cm/s, e+=1.54X10 ' ergs, l=9.58X10 cm, et=1.60 X 10 cm/s, c, =8.10X10 cm/s, and the ratio of electronic to ionic mass density=2. 00X10 . Here vF is the Fermi velocity, aF the Fermi energy, I the electronic mean free path, and ct(, ) the longitudinal (transverse) velocity of sound. The velocity of sound was determined from OD with the assumption that cI=2c, ; kF, vF, and ez were determined from the free electron model but are not drastically different from what would be determined from the heat-capacity measurement of y with the tunneling value of X, and the value of I is determined from the resistivity and free electron value of kF . The Snp 87Cup]3 film was chosen because a more accurate determination of u F(cu) could be made for the more Cu-rich alloys which were more strong-coupling superconductors and because three different depositions at approximately the same composition showed consistent results. Although strong-coupling effects were somewhat greater for Snp p8Cup 92 the resistivity for the film could not be accurately determined, since the film agglomerated on warming to room temperature. In the fit of the tunneling data with the calculated values of n F(oi) ( ' model calculations do not give the correct result even though they find a linear dependence on co. Addition of a nonelectronic contribution to the phonon damping in the Keck-Schmid theory provides reasonable agreement with experiment. As discussed in the following paper, the source of this nonelectronic damping, which is observed in thermal conductivity and sound propagation in glasses remains unknown, but, at least what was once two unrelated and unresolved problems appear to have been reduced to one, the understanding of the nonelectronic phonon damping. This work was supported by the National Science Foundation (DMR-9104194) and the Robert A. Welch Foundation. We acknowledge helpful discussions with D. Belitz, R.
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